Introduction
For any developed country, an increase in the proportion of the elderly entails an increase in per capita health care expenditure. This is undoubtly true, given that individual health care expenditure is an increasing function of age. But what is the magnitude of this effect in comparison with other drivers of health care expenditures?
In this paper, we use micro data to evaluate the respective effects of demographic change, changes in morbidity and changes in practices on the growth in health expenditure that occurred in France between 1992 and 2000. The time span we consider for our retrospective analysis is rather limited.
However, a non-negligible ageing of the population is observed during that period, at a pace which is representative of what is expected for the future.
The consequences of ageing is an issue addressed by numerous macro and micro-economic papers.
At the macro-economic level, the vast majority of studies find that age structure has a small or non significant impact on health care expenditures, whereas GDP has a sizeable and highly significant impact [1] [2] [3] [4] [5] [6] [7] [8] . At the individual level, micro-economic studies find as well that the influence of age on health care expenditure is significantly reduced when proximity to death is taken into account [9] [10] [11] [12] [13] . Recently, the OECD [14] provided retrospective decompositions of the growth in public health care spending, together with projections for 2050. For the OECD countries taken as a whole, the age effect accounted for less than one tenth of the growth in health care expenditure observed between 1970 and 2002. As for projections, the authors underline that non-demographic factors, including changes in technology, are the most important drivers in the projected increase. For the OECD countries, the share of health expenditure in GDP is forecast to increase by 3.9 percentage points (from 5.7 % in 2005 to 9.6 % in 2050), of which 0.7 percentage point only is attributable to demographic effects.
Earlier projections of future health care expenditures simulated the impact of ageing simply by applying demographic projections to the observed profile of health expenditure by age group.
However, changes in health care expenditure level also depend on changes of this profile over time [15, 16] . Graph 1 displays the profiles computed on our French database for years 1992 and 2000.
Age group 0 corresponds to people age 0-9, age group 10 to people age 10-19, and so on, until age group 70, which is related to people age 70 and over. As expected, expenditures increase with age.
The main feature, however, is that a sizeable upward drift of the profile is observed between 1992 and 2000. This drift may be related to changes in health status at a given age. It may also be linked to technological progress or more broadly to changes in practices, for a given age and a given morbidity.
Beyond the pure demographic effect, the upward drift of the age profile is likely to be the main driver of health care expenditure growth. In addition, it is of major importance to identify the causes of this drift, i.e. the respective impacts of technological progress and of changes in morbidity.
Trying to forecast how health status by age might evolve in the future is a rather hazardous enterprise. A plentiful literature has examined how increases in longevity could influence the population's health status. Various hypotheses have been considered, the two extreme ones being "expansion of morbidity" [17] and "compression of morbidity" [18] . Several intermediate hypotheses can be considered, with mixed situations and transition regimes regarding potential changes in illnesses and disability [19] . At the macroeconomic level, a rough assessment is in general built on the basis of the projected increase in longevity. For instance, the "healthy ageing" hypothesis comes down to assuming that gains in longevity are gains in healthy years. At the microeconomic level, the Future Elderly Model, a microsimulation model built by the Rand, uses estimated transition rates to simulate changes in health status and deaths for Medicare enrollees [20, 21] .
Evaluating the effects of technological progress or changes in behavior is not easier. Evans et al. [22] show that projections performed in the 70's or in the 80's greatly overstate the number of acute hospital days actually observed in 2000, and underestimate the use of physicians' service.
At the microeconomic level, available studies generally focus on a limited number of illnesses and procedures, such as hip replacement or treatment for heart attack [23, 24] . The macroeconomic projections performed by the OECD [14] allow for "non-demographic" factors by simply assuming that health care expenditures grow 1% per annum faster than income, an assumption in keeping with the trends observed over the past two decades.
To sum up, identifying the factors that influence the age profile of health care expenditures is a difficult undertaking, which deserves further investigation. The purpose of this paper is to add a contribution to this open question by proposing an original microsimulation method for analysing changes over time in the age profile. This method makes it possible to separately identify changes that are due to changes in morbidity on the one hand, and to changes in practices on the other.
As regards morbidity, we consider a vector of chronic illnesses and disability indicators and allow for the changes in prevalence by age that are observed over time for each illness or disability level.
Our estimation enables us to compute the resulting impact of all these changes on expenditures by age. On the whole, this provides an accurate assessment of the total impact of changes in morbidity on expenditures.
Our microsimulation method captures changes in practices through changes in the coefficients which measure the influence of morbidity on health care use. This allows us to observe for each given illness whether health care expenditure is higher in 2000 than 1992. We thus capture a much broader phenomenon than technological progress. Our method makes it possible to embrace changes in patients' preferences and physicians' behavior as well as the impact of technological progress. All these components are to be considered in order to provide a convincing decomposition of health care expenditure growth.
Our data is a representative sample of 3,441 and 5,003 French individuals observed in 1992 and 2000. We apply our microsimulation approach to identify the components of the drift observed between 1992 and 2000 in the age profile of health expenditures. Our results show that changes in morbidity induce a downward drift of the health care expenditures profile, whereas the drift due to changes in practices is upward and sizeable.
Once we have evaluated the respective influences of changes in morbidity and changes in practices at the microeconomic level, we apply our results to the age structure of the French population in order to compare the aggregate effects of demographic change and profile drifts for the period 1992-2000.
At this macroeconomic level, the rise in health care expenditures due to demographic change is very small, in comparison with the effects of changes in practices. For total expenditures, we find that the impact of changes in practices is 3.8 times larger than the rise in health care expenditures due to change in the age structure of the population.
In comparison with studies focusing on time to death [9] [10] [11] 13] , our database presents the advantage of providing information about many morbidity indicators, in addition to death proximity ("death risk"). Furthermore, rather than studying only hospital expenditures or aggregate individual expenditures [9] [10] [11] , our dataset allows us to study the different components of individual health care expenditures: home and office physician visits, pharmaceutical expenditures, and hospital expenditures. Such a detailed analysis lets us account for the very different nature of these expenditure components. For example, pharmaceutical and hospital costs are much influenced by technological progress, unlike physician visits.
The paper is organized as follows. The next section presents the microsimulation method. In section 3, we present the sample and give some information about the French health care system.
Then, we carry out a descriptive analysis of the data. The results of our microeconometric estimates and simulations are commented on in section 4. In section 5, we conclude by using our microsimulation outcomes to compare the aggregate impacts of demographic effects and changes in profiles at the macro level.
The microsimulation method
Our empirical approach entails several steps: we first specify and estimate a model explaining the decision to consume health care and the level of expenditure, conditional on that decision; we run the model separately on data for 1992 and 2000. Then, we use the estimated coefficients to simulate counterfactual average levels of participation and expenditure by age group: this allows us to disentangle the effects of changes in morbidity and changes in practices in the profile drift observed between 1992 and 2000. Finally, we use the simulated expenditure profiles to identify, at the macroeconomic level, the respective impacts on expenditure growth of demographic change, changes in morbidity, and changes in practices for a given morbidity. These steps are followed separately for each type of service: inpatient, physicians and prescription drugs.
The model
We use a two-part model, first explaining the decision to consume health care, then explaining the level of health care expenditures for participants. Such models are particularly appropriate in the econometric analysis of individual health care expenditures. Indeed, a non-negligible proportion of people do not use health services at all during a given year (about 10%), this proportion being much higher as regards hospital (about 90% of non-users). Our decision to consider Log-transformed expenditures is explained below, while our decision to use a model assuming independence between participation and level of expenditure is discussed in subsection 2.3.
Consider individual i belonging to age group j. P ij is the dichotomic variable for participation and C ij the health care consumption. We consider the following two-equation model:
where u ij ∼ N (0, σ 2 ).
Equation (1) describes the decision to use health care services and equation (2) the level of consumption.
We decided to use for (2) a log link relationship: E(C * ij X ′ 2,ij ) is defined as an exponential function of X ′ 2,ij δ. Indeed, the non-zero observations for health expenditures are highly skewed (the skewness varies between 4.50 and 15.47 on our data, depending on the year and type of expenditure considered).
Taking the log transformation reduces the skewness to values between -0.26 and 0.01. In addition, we used for C * ij a gamma distribution, which enables us to take heteroskedasticity into account. The choice of a gamma distribution is based on the outcomes of Park tests that we performed following the approach suggested by Manning and Mullahy [25] .
X ′ 1,ij and X ′ 2,ij are the explanatory variables of the participation and consumption equations. These regressors entail dummies a j and α j related to the age groups and morbidity indicators M ′ ij . In addition, equations (1) and (2) include explanatory variables (variables W ′ ij or Z ′ ij ) relative to socioeconomic characteristics of the individual [26] . The potential list of morbidity indicators includes disability, death risk, the number of illnesses, self-assessed health, and indicators for the following illnesses : diabetes, chronic obstructive pulmonary disease and related diseases, ischemic heart disease, hypertension, circulatory disease, conditions associated with lipid metabolism, depression, sleeping disorder, cataract, and arthritis, arthropathy and/or back pain. The potential list of socio-economic characteristics includes level of earnings, social and occupational group, education level, coverage by a complementary insurance, gender, family size and matrimonial status. The list actually used depends on the equation considered ((1) or (2)) and of the type of expenditure (ambulatory care, pharmaceutical or hospital expenditure): it has been set by a careful selection process. Significant variables were selected for each type of expenditure and for each equation of the model; among the selected variables, those whose exogeneity seemed questionable were tested (synthetic morbidity indicators and complementary coverage) and only those that proved to be exogenous were selected (see section 2.3).
The morbidity indicators we use are quite comprehensive: they provide a multidimensional description of every individual's health status. Morbidity is the only factor explaining the increasing pattern of the health care expenditure profile: when controlling for morbidity level, we have found that health expenditure is no longer increasing with age [27] .
Recently, a great number of studies suggested that time to death was the main factor explaining the shape of the profile [9] [10] [11] . As a matter of fact, time to death could be interpreted as an indicator of morbidity, whose exogeneity could be questioned [28] . Our database provides us a proxy of time to death (the Death Risk indicator) and very detailed information about chronic illnesses and disability.
Thus, we capture health status with more accuracy than with taking time to death only. Furthermore, we are able to test for the exogeneity of our indicators.
Predictions and microsimulations
We perform simulations on participation and consumption behavior.
The decision to use health care services is easily predicted from the estimation of (1) by a Probit estimator:
with Φ(.) standing for the cdf of the standard normal distribution.
As concerns expenditures for health care users, the GLM specification leads to a direct estimate of the conditional expectancy of expenditures on the raw scale:
The model is estimated separately for years 1992 and 2000 for each type of expenditures (consultations, pharmaceutical and hospital expenditures), leading to estimated coefficients
Since the computation of predictors (3) and (4) involve several non-linear functions, we cannot exhibit additive effects. We use instead an incremental approach. As concerns the decision to use health care services (participation), we compute the predicted probability for the average patient of each age group j. This is done for each expenditure component, i.e. physicians visits, drugs and hospital.
For individual i belonging to age group j and observed in 1992, the predicted probability of using health care services is the following:
For the purpose of our simulations, we evaluate this probability at the average point of each age group j:
We have chosen this approach instead of computing the average by age group of individual predicted probabilities. This empirical strategy allows us to simulate the effects of changes in morbidity, while we hold constant the other explanatory variables.
We focus on changes in morbidity and changes in practices, for a given morbidity. The effect on participation of changes in practices for a given morbidity is assessed by replacing
The incremental effect of changes in morbidity between 1992 and 2000 is assessed by replacing, for each age group j, the average level of morbidity observed in 1992, M ′92 .j by the average level of morbidity observed in 2000, M ′00
.j :
Finally, the incremental effects of other changes in behavior and individual characteristics lead to the predicted probability for the year 2000:
We used expression (4) and followed the same principles to compute the predictions of the levels of expenditures by age group for health care users: (C| P ) 92.92
.j and (C| P ) 00.00
.j
. More precisely, the means by age group of the explanatory variables are computed only on the subsamples of participants, when simulating the conditional expenditures.
The same simulations are computed for participation, consumption of health care users and unconditional consumption. Taking the example of the consumption of health care users, one has :
• The transition from (C| P ) 92.92
.j to (C| P ) m92.b00
gives the effect of changes in practices for a given morbidity.
• The transition from (C| P ) m92.b00
.j to (C| P ) m00.b00
gives the incremental effect of changes in morbidity (among the participants) between 1992 and 2000.
• Finally, the transition from (C| P ) m00.b00
.j to (C| P ) 00.00
gives the incremental effect of other changes in behavior and individual characteristics between 1992 and 2000.
Broadly understood, changes in practices are measured by changes in the estimated parameters of (1) or (2) between 1992 and 2000. These changes are linked to changes in patients' or physicians' behavior. They also result from technological progress, which induces the use of more costly innovative drugs and procedures. It may concern as well the extension of innovative procedures and prevention protocols to old ages. For example, the use of surgical treatment of cataract changed dramatically for people age 75-84 in France: it rose from 40 % to 55 % between 1993 and 1998 [29] . Another example is the increasing use of angioplasty for the treatment of Acute Myocardial Infarction. In France, the proportion of treatment by angioplasty rose from 9.6 % in 1993 to 22 % in 2001 for people age 75-84 [30] . The increasing use of these procedures is observed in comparable developed countries [31] . It stems, on the demand side, from changing preferences towards a better well-being of the elderly. On the supply side, it derives from technological progress, which leads to better outcomes and improved safety. This allows the extension of innovative procedures to older people. This might indeed raise costs, but it also improves well-being for the elderly considerably.
We capture changes in practices for a given morbidity with changes in the estimated coefficients Notice that our microsimulation method is in the spirit of the Oaxaca methodology [32] . It has been recently extended to study income distribution in developing countries [33] and used to analyse the process of technological progress diffusion within French hospitals [34] .
Estimation methods
A typical feature of health expenditure data is that many individuals incur no health cost within the period of observation. Such a configuration requires specific estimation techniques. Many papers addressed the issue of the choice between the sample-selection model (Heckit [35] ) and the two-part model [36] [37] [38] . Monte Carlo studies implemented by Manning, Duan and Rogers [38] show that the two-part model may perform better than the sample selection model even when the latter is the true model. Leung and Yu [37] have shown that the performances of the sample selection model depend crucially on the degree of collinearity between the inverse Mill's ratio and the explanatory variables Some morbidity indicators may be non exogenous. Chronic diseases are likely to be exogenous: they cannot be cured and their onset is independent from the amount of medical care provided.
But this is not the case for disability and synthetic indicators of health status, such as death risk, self-assessed health and number of diseases. Coverage by a complementary insurance may also be non exogenous, since it results partly from a decision of the individual. We have chosen to select only exogenous regressors to avoid adding methodological difficulties to an already rather sophisticated empirical approach. Exogeneity tests have thus been performed for the following variables: coverage by a complementary insurance, death risk, self-assessed health, disability and number of diseases [27] .
Thanks to the richness of our data, we were able to perform Hausman tests for each type of health We used intrumental variables to build a Hausman specification test for each of the three types of health care consumption (detailed procedures are described in [27] ). A Sargan test was used to check the validity of the instruments used. In addition, we examined whether this test could be subject to the weak instrument problem [39] . We found a large significance of the partial correlation between instruments and morbidity indicators, with high statistics and levels of significance lower than 10 −3 .
Sargan tests validated the instruments' exogeneity. Coverage by a complementary insurance appear
to be exogenous for consultations and pharmaceutical expenditures (it is not a significant regressor for hospital). Exogeneity is rejected for disability as regards consultations expenditures and for death risk as regards pharmaceutical expenditures.
3 Data
The dataset
We make use of a micro-economic data set is not large enough to record numerous observations for the individuals aged 80 and more. We thus cannot consider separately an age group corresponding to the oldest old. We have defined age groups from 0 to 69 with ten-year intervals, and a last group for individuals age 70 and over. Therefore, we simply adjust for the general inflation rate. The growth of adjusted health care expenditures we want to analyze is still influenced by the pace of technological progress, which we are precisely interested in.
The French health care system
The French health insurance system is public and universal. About 99% of the population is covered, whereas the total number of physicians' visits increased by 18% [40] .
In France, physicians in the ambulatory care sector are mostly self-employed and paid on a feefor-services basis. Hospitals are public (2/3 of stays) or private (for profit or not-for-profit whereas the drift for conditional expenditures is not significant (p = 0.54).
The hospital expenditure profile is relatively flat until the 50-59 age group, then becomes very sloping. In a very enlightening descriptive analysis, Yang et al. [41] show that the age profile of . The slope is less steep, but still noticeable for survivors. Therefore, the shape of the hospital expenditure profile is not only due to decedents. Interestingly, the steepening of hospital expenditure profile begins with age group 60, whereas the pharmaceutical profile slope is increasing from its very beginning (even for survivors).
Results

The estimates
The estimation of equations (1) and (2) where the individual "has diminished activity", "has no domestic autonomy" or "is confined to bed").
The conditional pharmaceutical consumption is also strongly influenced by hypertension (+40 %), diabetes (+ 48 %) trouble with lipid metabolism (+ 26 %) and depression (+ 37 %) (these figures are given for the 1992 estimates). Participations to consultation and pharmaceutical consumption (see table 3 in the appendix) are also significantly influenced by our morbidity indicators. The conditional consultation expenditure is positively influenced by depression (+27 %) and the number of diseases.
Turning to hospital expenditure, participation appears to be positively influenced by diabetes, death risk and cataract, and conditional expenditure by the level of disability and hypertension (+37 %).
Otherwise, we find that the absence of privately subscribed complementary coverage significantly reduces participation and consumption of ambulatory care. For example, in 1992, the drop amounts to -39% for conditional physician expenditures and to -25% for conditional pharmaceutical expenditures. On the other hand, complementary coverage has no significant influence on the use of hospital care. This is not surprising. Indeed, participation to hospital care does not result from an individual decision and the complementary insurance does not add any substantial coverage for hospital care (see 3.2). In general, gender is not significant for participation, but being a female increases consultation and pharmaceutical expenditures by about 17 %. Gender is not significant for hospital expenditures.
As stated above, changes in practices for a given morbidity are captured with changes in the estimated coefficients of morbidity indicators between 1992 and 2000. Our results show that for conditional expenditures, most of the positive coefficients estimated for the various morbidity indicators are larger in 2000 than in 1992 (for pharmaceutical conditional expenditures -see table 2 in the appendix -this is observed for hypertension, trouble with lipid metabolism, self-assessed health and disability levels 2 to 5). The impact of changes in practices that we compute is the total effect on expenditure resulting from the changes that occured on the coefficients of the morbidity indicators.
Not all the coefficients of morbidity indicators do increase between 1992 and 2000. However, their total effect might incur an increased level of expenditures. As shown below, our conjecture is validated by the microsimulation results: for a given morbidity condition, expenditures are higher in 2000 than in 1992.
The increasing shape of the age profile of expenditure is entirely due to the fact that morbidity is increasing with age [27] . However, it is not straightforward to assess the influence on expenditure growth of changes in morbidity. Indeed, these changes are not uniform: improvements or deteriorations can be observed, depending on the age group considered. This is illustrated by the following graph, which represents the prevalence of diabetes per age group. It does not allow us to draw any clear-cut conclusion about a general improvement nor deterioration of health status between 1992 and 2000, and hence about its consequences on expenditures. Indeed, the prevalence of diabetes decreases below the age of 69, and increases for people aged 70 and more. Neither do the age profiles of our various morbidity indicators highlight a clear-cut change of prevalence or health status in general.
Our simulation method enables us to evaluate, for all the morbidity and disability indicators taken as a whole, the total effect of all these various changes.
To sum up, our microsimulation method makes it possible to evaluate the total effects of multidimensional changes, both in practices and in morbidity.
Microsimulations: identifying the impacts of changes in practices and morbidity
Our simulations led to the calculation of average probability of participation and average conditional expenditures for each age group j, at each step of the reasoning. Namely, the values Our simulations led to the construction of 9 graphs, corresponding to participation, conditional and unconditional expenditures for the three types of expenditures. To simplify the presentation, we provide only two graphs relative to the pharmaceutical and hospital unconditional expenditures.
Indeed changes in the age profile of the physician expenditures prove to be non significant between 1992 and 2000 (see 3.3 
Hospital
For hospital unconditional expenditures, we find again the positive effect of changes in practices for a given morbidity (profile 1 to 2) as well as the negative effect of changes in morbidity (profile 2 to 3). These changes are observed only for people age 40 and over (graph 3b). The drift observed for the two last age groups is due to the combined effects of changes in practices and "other changes".
What is observed for hospital care contrasts strongly with ambulatory care, in the sense that changes in the unconditional expenditure are mainly due to a drift in the participation profile. The drift in participation rates is observed for every age group and is increasing with age (see graph 2g).
Our simulation shows that this upward drift is due firstly to the "other changes" and secondly to changes in practices for a given level of morbidity, along with a slight downward drift due to the changes in morbidity. The rise in health care expenditures due to demographic change appears to be very small in comparison with the effects of changes in practices. For total expenditures, we find that the impact of changes in practices is equal to +12.9%, which is 3.8 times more than the rise in health care expenditures due to changes in the age structure of the population (+3.4%).
The aggregate effect of changes in morbidity appears to be negative for each type of health expenditure, indicating health improvements of individuals for a given age between 1992 and 2000.
For total expenditure, this negative effect of changes in morbidity (-9.7 %) more than offsets the positive shock due to changes in the age structure of the population (+3.4 %). This is also true for pharmaceutical and hospital expenditures. Our results show that ageing explains only a small part of the rise in health care expenditures.
Changes in practices for a given morbidity are by far a more important driver. For ambulatory care, changes in practices are not linked to changes in participation behavior but to changes in conditional consumption. The drift due to changes in practices is spectacular for pharmaceutical expenditures, suggesting a large innovation component. These results reveal that the drifts we observe are not due to demand side changes in behavior.
We have considered a separate specification for participation. This allows us to isolate changes that can be due to patients' initiative, whose magnitude proved to be negligible.
Our data allow us to split health care expenditures into three components. Since we have separate information on pharmaceutical expenditures, we are able to show that the upward drift in drug consumption is mainly due to the supply side, i.e. to technological progress. Our database also has the great advantage of providing detailed information about morbidity, while numerous papers of the literature devoted to ageing are based on rather poor information about morbidity, often reduced to a single indicator, i.e. time to death.
We set up an original microsimulation method to exploit the richness of our multidimensional information about morbidity. This allows us : (i) to provide empirical evidence of global health improvement (ii) to evaluate the savings due to changes in morbidity. Health care expenditures are often conceived of as a burden and it is indeed very difficult to measure their benefits. Our findings give evidence of health improvements. These results deserve further investigation: given the size of our sample, the number of observations is rather small as regards people age 80 and over.
Implementing the same method on larger samples should give a better assessment of changes that affect morbidity for this age group.
Our microsimulation method makes it possible to identify the different components of the growth in health care expenditures. If this methodology were applied to data on other countries, it could be used to measure the effects of various forms of regulation of health care systems on expenditure growth and access to care at different ages.
In the case of France, we have shown that changes in practices appear to be the main driver in the increase in expenditures. It is possible that technological progress is oriented towards the elderly more than other age groups. In that case, the impact of changes in practices would increase with age.
Due to our data limitations, we were not able to estimate slopes specific to each age group in order to study this question. Further investigation with larger samples will allow us to study the pattern of technological progress diffusion more thoroughly.
